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1.0 Introduction 
 
 

The Battery Recycling Company, Inc. (BRC) owns and operates a lead recycling facility in 

Arecibo, Puerto Rico. BRC’s operations are subject to the compliance requirements established 

in 40 CFR Part 63, Subpart X (National Emission Standards for Hazardous Air Pollutants from 

Secondary Lead Smelting, “Secondary Lead Smelting MACT Standard”), the Subpart L, 

Standards of Performance for Secondary Lead Smelters and a construction permit issued by the 

Puerto Rico EQB. URS Corporation (URS) was contracted by BRC to conduct compliance 

particulate matter (PM) and Lead testing on their two rotary furnaces, and face velocity 

measurements on the Lead and Slag Taps/Molds. The compliance testing was conducted during 

the week of July 30, 2012. The testing was observed by USEPA, PREQB, and EPA CEPD 

repersenatives. The observation team consisted of Francisco Claudio- EPA CEPD, Kai Tang – 

EPA Region 2 New Jersey, Richard Kan – EPA Region 2 New York, and Weldin Ortiz – 

PREQB. 

 

The compliance testing allowed BRC to achieve four compliance objectives. The first two 

objectives were to determine if the facility is in compliance with the 0.022 grains/dry standard 

cubic foot (gr/dscf) PM requirement, and the <20% opacity requirement, as set forth in the 

NESHAPS Standard Requirement 40 CFR 60.122(a). The third objective was to verify that the 

face velocity of the emission control hoods on the lead taps/molds and slag tap/molds were >300 

feet per minute (fpm), as required in the MACT Standard 40 CFR 63.544. The fourth objective 

was to measure the Inorganic Lead emissions from the facility to confirm compliance with the 

inorganic lead emission limit of .00087 grains of inorganic lead per dry standard cubic foot for 

both furnaces at the facility. This test report presents the results of these test objectives along 

with the test data and description of the procedures used to collect the data. 

 

Section 2.0 describes the methods and techniques that were used to conduct the compliance 

testing. Section 3.0 is a discussion of the compliance test results for the stack. Section 4.0 

discusses the quality assurance (QA) and quality control (QC) procedures that were followed in 

the performance of the testing. Appendix A contains the compliance test calculation data for the 
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stack. Appendix B contains the field data sheets. Appendix C contains the process data. 

Appendix D contains field equipment calibration data used in the compliance test. Appendix E 

contains the laboratory results. 
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2.0 Test Conditions and Technical Approach  
 

The following sections describe the methods and techniques that were used to complete the 

compliance testing on Furnace # 1 and Furnace # 2. 

 

2.1 Test Conditions and Schedule 

 

During the week of July 30, 2012 URS performed; three 120 minute test runs for particulate 

matter and inorganic lead on the inlet ducts to the Furnace # 1 and Furnace # 2 baghouses and 

three 60 minute tests to determine Opacity on the main baghouse stack. Face velocity 

measurements were taken within the plane of the furnace hoods and to each kettle. The testing 

was performed during periods of charging and tapping only, which was determined by USEPA to 

be the worst case scenario that would be the most challenging for the control devices. As 

required by EPA, each test run was broken into segments based on charging and tapping 

activities. A segment of the test run would start at the beginning of an activity and the test would 

be stopped at the next available traverse point after the conclusion of an activity or for a 

predetermined time as set by USEPA. This sequence of sampling was repeated until all the test 

points were completed, this was designated as a single test run. 

 

2.2 Sample Locations 

 

The two sampling locations for the PM and lead sampling were the two baghouse inlet ducts. 

Both inlet ducts were 58.0 inches in diameter. Samples and velocity measurements were 

collected by accessing two test ports at each location. The ports were located approximately 10 ft 

(2.06 diameters) downstream and 10 ft (2.06 diameters) upstream of the nearest duct transition or 

flow disturbance. Flow measurements were performed using a 24-point traverse using two ports 

(12 points per port).  A pretest Cyclonic flow check was performed prior to the Method 5/12 

sampling and did not show any significant cyclonic flow at any traverse point across either duct. 

The average cyclonic flow on Furnace # 1 was 3.23 degrees and 4.58 degrees on Furnace # 2. 

Appendix B contains the reference method field data sheets for the stack sampling location. 
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2.3 Technical Approach 

 

The methodologies that were utilized for data collection are presented and summarized in Table 

2-1. The sampling procedures included in the technical approach were selected to accurately 

determine the properties and composition of the stack’s gas stream. The selected methodologies 

were consistent with those recommended and referenced in Title 40 of the Code of Federal 

Regulations Part 60 (40 CFR Part 60), Appendix A, and 40 CFR Part 63, Subpart X. 

 

Table 2-1 

Reference Method Test Procedures 

Source Pollutant Reference Procedures for Performance Test 

Inlet Duct 

for Furnace 

# 1 and 

Furnace # 2 

 

Particulate 

Matter 

EPA Title 40 CFR Part 60, Appendix A, Method 5, Determination of Particulate 

Matter Emissions from Stationary Sources 

 

Inorganic 

Lead 

 

 

EPA Title 40 CFR Part 60, Appendix A, Methods 1 and 2, Determination of Stack 

Gas Volumetric Flow Rate 

EPA Title 40 CFR Part 60, Appendix A, Method 3A, Gas Analysis for 

Determination of Dry Molecular Weight 

EPA Title 40 CFR Part 60, Appendix A, Method 4, Determination of Moisture 

Content in Stack Gases 

EPA Title 40 CFR Part 60, Appendix A, Method 12, Determination of Inorganic 

Lead Emissions from Stationary Sources 

Main Stack Opacity 
EPA Title 40 CFR Part 60, Appendix A, Method 9, Determination of Opacity 

Emissions from Stationary Sources 

 

The following are summary descriptions of the sampling methodologies that were followed to 

complete the sampling program. 

 

2.3.1 EPA Methods 1 and 2, Determination of Stack Gas Volumetric Flow 

Rate  

 

U.S. Environmental Protection Agency (EPA) Methods 1 and 2 were used to determine the stack 

gas volumetric flow rate at the sampling location. An integrated velocity traverse was conducted 

during each 2-hour PM test run for each of the inlet ducts at each traverse point. An S-type pitot 

tube and an incline manometer were used to measure the velocity pressure. A calibrated type “K” 

thermocouple was used to measure the stack gas temperature at each traverse point. For each test 
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run, the pitot tube and thermocouple were positioned sequentially at each of the appropriate 

traverse points. Temperature and velocity pressure (ΔP) readings were observed and recorded. 

Utilizing the stack gas molecular weight and moisture content, the standard (Qstd) and actual 

volumetric flow rates were calculated in accordance with the formulas found in EPA Reference 

Method 2. The flow rate data has been included in Appendices A and B. 

 

2.3.2 EPA Method 3A, Determination of Stack Gas Molecular Weight 

 

In accordance with USEPA Method 3, the stack gas O2 and CO2 concentrations were determined 

for each inlet duct. For each of the test runs, a stack gas grab sample was directly analyzed for O2 

and CO2 content using a Fyrite analyzer. The resulting O2 and CO2 concentrations were used to 

calculate the molecular weight of the stack gas. 

 

2.3.3 EPA Method 4, Determination of Stack Gas Moisture Content 

 

The moisture content (%), Bwo, of the stack gas was determined for each inlet duct in accordance 

with EPA Method 4. An exhaust gas sample was drawn from the stack and passed through 

chilled glass impingers. The moisture content of the stack gas was determined for the compliance 

runs by measuring the weight gain of the chilled impingers over the length of the test run. The 

moisture determination was integrated into the Method 5 /12 sampling results. 

 

2.3.4 EPA Method 5, Determination of Stack Gas Particulate Matter 

Emissions 

 

The filterable particulate matter testing was performed in accordance to EPA Method 5.  

Sampling was performed by extracting a sample of the baghouse exhaust gas stream through a 

stainless steel button-hook nozzle attached to a glass-lined, heat-traced, probe.  The probe was 

attached to a heated glass filter holder containing a pre-weighed glass-fiber filter.  The probe and 

filter heater box were maintained at a temperature of 248
o
F + 25

o
F.  After leaving the filter 

holder, the gas stream sample passed through a short unheated Teflon sample line into a series of 

four glass impingers.  The first impinger was a Smith-Greenburg filled with 100 ml of 0.1 N 
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Nitric Acid.  The second impinger was a modified Smith-Greenburg and filled with 100 ml of 0.1 

N Nitric acid.  The third impinger was a modified Smith-Greenburg and was initially empty.  The 

fourth impinger was a modified Smith-Greenburg containing approximately 200 grams of 

indicating silica gel.  The impingers were weighed prior to assembling the sampling train to 

permit gravimetric moisture determination.  After exiting the impingers, the exhaust gas sample 

traveled through an umbilical cord to the control console and was then exhausted to atmosphere.  

The control console contained the sample pump, dry gas meter, calibrated orifice meter, and heat 

controls for the probe and filter box.   

 

At the conclusion of each test run, the sample train was recovered by washing the sample probe 

and nozzle three times with 0.1 N nitric acid into a sample container.  The filter was removed 

from the filter holder and placed into a Petri dish and sealed for transport.  The front half of the 

glass filter holder and connecting elbow were washed with 0.1 N nitric acid into the probe wash 

sample container.  A sample of the 0.1 N nitric acid used in the sample recovery was collected 

and analyzed as a reagent blank.  The impinger train was then disassembled and each impinger 

was weighed to determine the moisture gained during the sample run. After weighing the 

impingers, the first three impingers were emptied into a container. Each impinger and connecting 

glassware was rinsed with 0.1 N nitric acid and collected, this was added to the sample container 

for the specific sample container for each run, each separate container for each test run was then 

labeled.  At the conclusion of sampling, all the samples were packaged and returned to the URS 

facility for subsequent PM analysis and shipment to the laboratory for lead analysis.  

 

The particulate samples were analyzed by URS personnel.  The analysis was performed by 

placing the filters into a desicator for a minimum of 24 hours.  The filters were then weighed to a 

constant weight.  The 0.1 N nitric acid probe rinses and reagent blank were transferred to pre-

weighed cups and allowed to dry in a laboratory hood at ambient temperature.  The sample cups 

were then transferred to a desicator and allowed to dry for a minimum of 24 hours.  The cups 

were then weighed to a constant weight. The combined weights of the filter and probe wash were 

used to calculate the mass emission rate of solid particulates. After obtaining the final particulate 

weights, the dried residue in the cups were reconstituted with 0.1 N nitric acid and sent to the lab 
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along with the filters and impinger solutions for determination of the inorganic lead 

concentrations. The data collected during the PM sampling is contained in Appendix B. 

 

2.3.5 EPA Method 12, Determination of Stack Gas Inorganic Lead 

Emissions 

 

The inorganic lead emission rate was determined in accordance with EPA Reference Method 12 

for the outlet ducts. A total of three test runs were performed. The Method 12 sampling was 

incorporated into the Method 5 sampling train by replacing the water in the impingers with 0.1 N 

nitric acid. An exhaust gas sample was isokinetically drawn from the stack through a stainless 

steel nozzle attached to a heated glass lined sampling probe. The exhaust gas sample was then 

passed through a heated glass-fiber filter and into a set of chilled glass impingers. The impingers 

were connected to the control console by means of an umbilical cord. The control console 

contained the sampling pump, sample rate controller, test temperature controls and sample rate 

dry gas meter. The data collected during the lead sampling is contained in Appendix B. 

 

2.3.6 EPA Method 9 Determination of Stack Gas Opacity Emissions 

 

VE readings from the stack exhaust were performed by a certified VE reader using the following 

procedures. 

  Observer’s Position 

The VE observer stood at a distance of at least one stack height away and with the sun oriented 

within the required 140
o
 arc behind his back. Consistent with maintaining the above requirement, 

the observer made his observations from a position such that his line of vision was approximately 

perpendicular to the plume direction.   

 Field Records 

The observer recorded the name of the plant, emission location, facility type, observer’s name and 

affiliation, and the date on a field data sheet.  The time, estimated distance to the emission location, 

approximate wind direction, estimated wind speed, description of the sky condition (presence and 
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color of clouds), and plume background were recorded on the field data sheet at the time opacity 

readings were initiated and completed. 

  Observations 

Opacity observations were made at the exit of the baghouse stack.  The observer did not look 

continuously at the stack exit but instead observed the stack exit momentarily at 15-second 

intervals.   

 Recording Observations 

Opacity observations were recorded to the nearest 5 percent at 15-second intervals on the 

observational record sheet.  A minimum of 240 observations were recorded. Each test period took 

60 minutes to complete.  Each momentary observation recorded was deemed to be representative of 

the average opacity of emissions for a 15-second period.   

 Data Reduction 

Opacity was determined by averaging the 240 consecutive observations recorded at 15-second 

intervals for each test run.  
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2.3.7 Determination of Hood Face Velocities using a Propeller Anemometer 
 

The face velocities at the hood opening to the rotary furnace and at the opening to each kettle 

operating during the testing period were measured using a propeller anemometer. The face 

velocities were measured with the doors open in a manner comparable to normal operating 

conditions.  The measurements were conducted at multiple points around the door openings. The 

face velocity values listed in the result table consist of the average number observed during each 

check of the respective source. The results are listed in Table 2-2. 

Table 2-2 

Face Velocity Results 

 

Source Face Velocity Comments 

Kettle # 1 520 ft/min  

Kettle # 2 320 ft/min  

Kettle # 3 354 ft/min  

Kettle # 4 356 ft/min  

Kettle # 5 335 ft/min  

Kettle # 6 376 ft/min  

Kettle # 7 276 ft/min  

Kettle # 8 370 ft/min  

Kettle # 9 300 ft/min  

Furnace # 1 438 / 250 ft/min Four doors closed / two doors closed 

Furnace # 2 540 / 266 ft/min Four doors closed / two doors closed  

Ingot Machine 205 ft/min  

Slag Enclosure 351 ft/min  
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3.0 Performance Testing Emission Results 
 
 

The following is a brief summary and discussion of the Main Baghouse stack compliance testing 

results. 

 

The compliance test results for the particulate matter runs are summarized in Table 3-1 for 

Furnace # 1 and Table 3-2 for Furnace # 2. The average particulate matter emission rate, for the 

compliance test was 0.0039 grains/dscf for Furnace # 1 and 0.0052 grains/dscf for Furnace # 2. 

BRC’s Furnace # 1 and Furnace # 2 test results indicate that the source complies with the 

performance standard of 0.022 grains/dscf as stated in the Subpart L, Standards of Performance 

for Secondary Lead Smelters. The results for the compliance tests for Visible Emissions averaged 

0.0% showing compliance with the less than 20% standard in the NSPS for Lead Smelters. The 

results for the Inorganic Lead runs averaged 0.000016 grains/dscf for Furnace # 1 and 0.000016 

for Furnace # 2 this shows compliance with the inorganic lead emission limit of .00087 

grains/dscf as stated in the Secondary Lead Smelting MACT Standard. 

 

Table 3-1 

Furnace # 1 Stack Test Results 
 

Parameters Run # 1 Run # 2 Run # 3 Average 

Sample Date 7/31/2012 8/1/2012 8/2/2012  

Run Times 14:03-20:06 12:36-20:03 11:01-19:23  

Sample Time 120 120 120  

Vol. Sampled @ STP (ft3) 75.685 66.270 72.768 71.574 

Moisture Content (% Vol.) 4.4 4.8 4.5 4.5 

O2 (%) 20.0 20.0 20.0 20.0 

CO2 (%) 1.0 1.0 1.0 1.0 

Stack Gas Temperature (
o
F) 178.8 177.9 179.3 179.0 

Gas Flow Rate (DSCFM) 28,174 24,723 27,598 26,832 

Percent Isokinetic 99.6 99.4 97.7 98.9 

Particulate Matter Conc. 
(Grains/DSCF) 

0.0019 0.0056 0.0041 0.0039 

Particulate Matter Mass Rate (lbs/hr) 0.453 1.184 0.978 0.872 

Inorganic Lead Conc. 
(Grains/DSCF) 

0.000017 0.000022 0.000008 0.000016 

Inorganic Lead Mass Rate (lbs/hr) 0.0041 0.0048 0.0020 0.0036 
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 Table 3-2 

Furnace # 2 Stack Test Results 
 

Parameters Run # 1 Run # 2 Run # 3 Average 

Sample Date 7/31/2012 8/1/2012 8/2/2012  

Run Times 13:16-21:34 8:19-18:22 9:47-18:10  

Sample Time 120 120 120  

Vol. Sampled @ STP (ft3) 79.640 80.326 75.730 78.565 

Moisture Content (% Vol.) 4.4 4.8 5.0 4.7 

O2 (%) 20.0 20.0 20.0 20.0 

CO2 (%) 1.0 1.0 1.0 1.0 

Stack Gas Temperature (
o
F) 178.5 175.4 177.9 177.0 

Gas Flow Rate (DSCFM) 34,237 34,863 34,487 34,529 

Percent Isokinetic 104.3 103.3 98.5 102.1 

Particulate Matter Conc. 
(Grains/DSCF) 

0.0064 0.0043 0.0049 0.0052 

Particulate Matter Mass Rate (lbs/hr) 14.720 9.934 11.283 11.979 

Inorganic Lead Conc. 
(Grains/DSCF) 

0.000018 0.000018 0.000012 0.000016 

Inorganic Lead Mass Rate (lbs/hr) 0.0053 0.0053 0.0035 0.0047 
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4.0 Quality Assurance/Quality Control Procedure 
 
 

The objective of the URS’s QA Program is to ensure the accuracy and precision, as well as 

reliability, of the data collected and generated for URS’s clients and to meet the data quality 

objectives of regulatory or accrediting bodies. Management, administrative, statistical, 

investigative, preventative, and corrective techniques were employed to maximize the reliability 

of data. 

 

During the compliance testing, a strict QA/QC program was adhered to.  Before actual sampling 

on-site, all the sampling equipment was thoroughly checked to ensure that each component was 

clean and operable.  Any damaged or faulty equipment was tagged and removed from service 

until it could be repaired.  If any corrective actions were taken in response to these QC checks or 

in response to supervisor review of QC procedures, the corrective action taken was documented 

in a field QA/QC logbook. 

 

Proper equipment calibration is essential in maintaining the desired data quality level.  All 

calibrations of the equipment used in the stack sampling portion of the testing conformed to the 

guidelines outlined in the EPA quality assurance handbook, Quality Assurance Handbook for Air 

Pollution Measurement Systems, Volume III, Stationary Source Specific Methods (EPA-600/4-

77-027a).  The following sections give a synopsis of the calibration procedures for the main 

components of the stack sampling systems.  

 

4.1 Dry Gas Meters/Orifice Meters 

 

The dry gas meter and critical orifice in each control box used during the testing were calibrated 

before the test in order to ensure accurate measurements of the sample gas volumes. The dry gas 

meter and critical orifice are normally housed as a set inside each control box and were calibrated 

as such.  The control box was calibrated against a secondary calibration standard dry gas meter. 

 

The dry gas meter/critical orifice sets were calibrated at predetermined nominal volume flow 

settings. For each of these flow rates, an accuracy ratio factor to the calibration standard (Yi) was 
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computed for the individual dry gas meters.  A successful calibration for a particular dry gas 

meter would be achieved if each value of Yi was within 2 percent of the average value of Yi (Yi = 

Y ±0.02Y). 

 

In order to establish calibration for the critical orifice, a calibration coefficient (∆H@I) was 

calculated for each flow rate.  This coefficient is the orifice pressure differential (in inches H2O) 

at a distinct orifice manometer setting that gives a flow of 0.75 ft
3
/min of air at standard 

conditions.   The desired tolerance for this coefficient is ±0.2 of the average value of the four 

values of ∆H@I (∆H@ ±0.2). If any of the pre-test calibration coefficients for a particular meter 

violates the acceptance criteria, the meter in question would be adjusted and recalibrated. A copy 

of the control box calibrations are provided in Appendix D. 

 

4.2 Thermocouples and Thermocouple Readouts  

 

All thermocouples used during the stack sampling tests were calibrated to ensure accurate 

temperature measurements.  All of the sensors utilized were type "K" thermocouples, which have 

a working range of approximately -300 °F to approximately 2500 °F.  These sensors were used in 

the measurement of stack gas temperature, probe sheath temperature, filter box temperature, and 

impinger temperature.  The thermocouples were calibrated against an NITS traceable mercury-in-

glass thermometer at predetermined temperatures.  In order to obtain the calibration data from 

each sensor, a single, recently calibrated thermocouple readout was used. 

 

The thermocouple readouts used during the testing were calibrated using a thermocouple 

simulator.  This calibration apparatus generates a voltage signal that mimics the signal an ideal 

"K" type thermocouple would exhibit at a particular temperature.  The signal can be changed via 

a slide switch.  The readouts were calibrated at ten different points from 200 °F through 2000 °F, 

at increments of 200 °F. A copy of the thermocouple and readout calibrations are provided in 

Appendix D.  
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4.3 Barometer 

 

The field barometer used during the test was a digital type barometer.  This barometer was 

calibrated by comparing it to a standard mercury column barometer and adjusting it if any 

deviation existed between it and the standard.  This exercise was performed both before and after 

the testing activities. 

 

4.4 Analytical Balance  

 

The balance used in the field to measure impinger weights was checked with calibration weights 

prior to use. 

The analytical balance used to weigh the particulate samples was calibrated with certified 

weights prior to weighing the test samples. 

 

4.5  Pitot Tubes  

 

The S-type pitot tubes used for the isokinetic sampling were calibrated in a wind tunnel against a 

standard pitot, which is considered a reference source. The basis for the calibration is described 

in 40 CFR, Part 60, Appendix A, Method 2. A copy of the pitot calibrations are provided in 

Appendix D. 













TBRC Sampling Period

Furnace 1

Run #1

Date 7/31/2012

From To Time (min) Stage Charge ID

14:03 14:28 25 2nd Charge F1/Jul/2012/#88

15:43 16:18 35 3rd Charge F1/Jul/2012/#88

19:06 20:06 60 Tap F1/Jul/2012/#88

Total Sampling Time 120

Run #2

Date 8/1/2012

From To Time (min) Stage Charge ID

12:36 13:36 60 1st Charge F1/Aug/2012/#2

14:55 15:25 30 2nd Charge F1/Aug/2012/#2

19:33 20:03 30 Tap F1/Aug/2012/#2

Total Sampling Time 120

Run #3

Date 8/2/2012

From To Time (min) Stage Charge ID

11:01 11:31 30 3rd Charge F1/Aug/2012/#4

14:58 15:28 30 Tap F1/Aug/2012/#4

18:23 19:23 60 2nd Charge F1/Aug/2012/#5

Total Sampling Time 120























Furnace 2

Run #1

Date 7/31/2012

From To Time (min) Stage Lot ID

13:16 13:51 35 2nd Charge F2/Jul/2012/#25

15:08 15:33 25 3rd Charge F2/Jul/2012/#25

20:34 21:34 60 Tap F2/Jul/2012/#25

Total Sampling Time 120

Run #2

Date 8/1/2012

From To Time (min) Stage Lot ID

8:19 8:39 20 1st Charge F2/Aug/2012/#1

10:46 11:26 40 2nd Charge F2/Aug/2012/#1

13:13 13:43 30 3rd Charge F2/Aug/2012/#1

17:52 18:22 30 Tap F2/Aug/2012/#1

Total Sampling Time 120

Run #3

Date 8/2/2012

From To Time (min) Stage Lot ID

9:47 10:17 30 3rd Charge F2/Aug/2012/#3

16:16 16:46 30 Tap F2/Aug/2012/#3

17:10 18:10 60 1st Charge F2/Aug/2012/#4

Total Sampling Time 120








































































































































































































